This paper aims to investigate the effect of lamination scheme and angle variations to the displacements and failure behaviour of composite laminate.
INTRODUCTION
Composite materials can be defined as a combination of perfectly bonded reinforcements into the binding materials (matrix) [1] [2] , which could improve the strength and the failure behaviour of the materials. By definition, failure occurs in a material when the applied load reached its threshold [3] [4] [5] . In analysing failure, the Maximum Stress Theory is one of the common failure criteria used in predicting composite laminate failure [6] [7] . This criterion considers that the composite material fails when the stress in the principal material axes (σ1, σ2 and τ12) exceeds the corresponding strength (X, Y and S) in that direction (σ1 > X, σ2 > Y and τ12 > S). Tsai-Wu failure criterion involves polynomial equations in predicting composite failure [8] [9] .
Previous study focused on predicting the first ply failure and last ply failure of composite laminates [10] [11] [12] [13] . Nevertheless, the composite laminate displacements before the occurance of failure have not been analysed thoroughly. For example, it could be observed that the lamination schemes and variations of angle orientation could effect the displacements and failure behaviour of the symmetric, anti-symmetric and angle-ply laminate.
Therefore, this study aims to investigate the effect of lamination scheme and angle variations to the displacements and failure behaviour of composite laminate. 
METHODOLOGY

Convergence Analysis
Accurate meshing and mesh size are always important in finite element analyses. Using smaller mesh size could increase the accuracy of the simulated results, nevertheless it will increase the computing time and cost [3] . Convergence analysis is important and thus, this study starts with performing convergence analysis. These analyses are carried out under constant uniaxial tension (7010.5 N), using quadrilaterals element and various mapped meshing (2x2, 4x4, 8x8. 16x16, 32x32, 64x64, 128x128 and 256x256). Mesh size of 1x1 (or any odd mesh size) is not possible as the boundary condition is fully fixed at the centre of the plate. Figure 2 shows that constant stresses generated for both symmetric laminate and anti-symmetric laminate. 
Numerical Validation
The current finite-element results (ANSYS) have been validated compared to the exact solution. The plate geometry is shown in Figure 5 and the material properties are tabulated in Table 1 . The results are acceptable since the error is found less than 2% (as shown in Table 2 ). 
Failure and Deformation Analysis of Composite Laminate.
Symmetric, anti-symmetric and angle-ply composite laminate are modelled ( Figure 6 ) under uniaxial tension consists of two layers, where the layup are symmetric (/)T, anti-symmetric (/-)T and angle-ply (0/)T. The plate is rectangle with thickness 1.27x10 -4 m/ply, made of graphite-epoxy and the material and strength properties are shown in Table 3 .
A finite element failure analysis procedure is carried out using commercial software (ANSYS v15.0, 2013 SAS IP, Inc.). The predictions of failure are based on available built in failure theory and failure criteria functions which are Maximum Stress Theory as shown in Eqn. (1) and Tsai-Wu as shown in Eqn. (2) . The deformation behaviour is also recorded during the failure. 
RESULTS AND DISCUSSION
Results in Figure 7 and Figure 8 show the laminate strength decreases when the fibers are orientated from 0 o to 90 o . Figure 7 shows the failure curves for various lamination scheme (angle-ply, symmetric and anti-symmetric) of Maximum Stress Theory. Each lamination scheme displays different shape of failure curves but still decrease in laminate strength with the increase of the angle variations. For the angle-ply, the stress (MPa) between the first ply failure (FPF) curve and last ply failure (LPF) curve are different in value compared to the symmetric and anti-symmetric laminate scheme where the first ply failure and last ply failure curves of this two lamination schemes lies on the same value of stress (MPa). The highest failure curves which contribute the highest applied stress before the composite laminate failed lies on angle-ply LPF curve and the graph is non-linear. The second highest failure curve also lies on angle-ply lamination scheme but for first ply failure curve and similarly the graph is nonlinear. While the lowest stress (MPa) value lies on symmetric lamination scheme. Anti-symmetric lamination scheme lies between angle-ply(FPF) and symmetric (FPF & LPF). Figure 8 shows the failure curves for various lamination scheme (angle-ply, symmetric and antisymmetric) based on Tsai-Wu criterion. Tsai-Wu criterion demonstrates different shape of failure curves but still decrease in laminate strength with the increase of the angle variations. Tsai-Wu criterion also show different stress (MPa) for first ply failure curve and last ply failure curve of angle-ply lamination scheme while the other two lamination scheme (symmetric and antisymmetric), the first and last ply failure curves lies on the same value of stress (MPa). Compared to Maximum Stress Theory, Tsai-Wu criterion also predict that the highest failure curve lies on angle-ply LPF curve while the lowest stress (MPa) value before the lamination fail lies on symmetric lamination scheme. Figure 9 shows the displacement curves in xdirection during failure as predicted by Maximum Stress Theory. It could be observed that the maximum displacement in x-direction occurs at the angle, θ = 0 o at the failure load. This is due that the fibre direction parallels to the direction of the load applied. While the least displaced plate occur at angle 90 o since the fibre direction perpendicular to the x-axis (global axis) which also perpendicular to the load applied. This makes the plate easier to break. This situation only occur to the symmetric, anti-symmetric and angle-ply FPF. While angle-ply LPF have the increasing displacement in x-direction with the increasing value of angle variations (0 o to 90 o ). Therefore, the highest displacement predicted by Maximum Stress Theory occurs at angle-ply LPF at angle 90 o . While the lowest predicted displacement occurs on angle-ply FPF at angle 90 o . It goes the same for Tsai-Wu criterion as shown in Figure 10 , the displacement curves predicted by this criterion shows the same trend compared to Maximum Stress Theory (Figure 9 ) where the angle-ply LPF have the increasing displacement in x-direction with the increase value of angle variations (0 o to 90 o ). There was a sharp increase in displacement (x-direction) from angle 0 o to 60 o for angle-ply LPF where it reached its peak at angle 60 o . Tsai-Wu criterion similarly predicts that angle-ply FPF deformed the least at x-direction where bottomed out at angle 90 o . From the observation in Figure 9 and Figure 10 , it can be concluded that Tsai-Wu criterion predicts a smoother curve than Maximum Stress Theory for deformation in x-direction, thus proving that the interaction terms between the stresses (σx and σy) in Tsai-Wu criterion are significant. For displacement in y-direction ( Figure 11) show that Maximum Stress Theory predicts the highest displacement curves occur at angle-ply LPF at angle 30 o . While the lowest diplaced curves befall in ydirection occur at the same angle which is 90 o at three different lamination scheme; symmetric, antisymmetric and angle-ply FPF. Figure 12 predicts the displacement curves for y-direction. Compared with Maximum Stress Theory (Figure 11 ), the trend of the displacement curves is similar with Tsai-Wu criterion where it reached its peak at angle 30 o angle-ply LPF lamination scheme. Then displacement plummeted, dropping dramatically between angle 30 o and 90 o . While the lowest displacement curves predicted by Tsai-Wu criterion occur at angle 90 o where it bottomed out at three different lamination scheme; symmetric, anti-symmetric and angle-ply FPF. By comparing between Maximum Stress Theory ( Figure  11 ) and Tsai-Wu criterion (Figure 12 ), it could be observed that Maximum Stress Theory predicts the highest displacement curves occur at angle 30 o angle-ply LPF lamination scheme. Displacement curves in z-direction as shown in Figure 13 predicted by the Maximum Stress Theory. Angle-ply LPF, angle-ply FPF and anti-symmetric displacement curves increased sharply between angle 0 o and 10 o and then plummeted, dropping dramatically between angle 10 o and 90 o . At angle 90 o , Maximum Stress Theroy predicts that displacement curves in z-direction reached its lowest deformation. While displacement curves reached its peak at angle 10 o anti-symmetric lamination scheme. While the second highest displacement occur at angle 10 o angle-ply LPF follows with angle-ply FPF lamination scheme. For symmetric lamination scheme, the displacement in z-direction is too small and it seems to remain constant as shown in the Figure 13 . Results in Figure 15 demonstrate the displacement curves at FPF for angle-ply laminate in the x-, y-and zdirections. It shows that displacement in z-direction increases significantly from 0 o to 10 o and then plummets, drops and hits the bottom at angle 90 o . The other two directions (x and y) show only small displacements compared to the z-direction. It can be concluded that for angle-ply FPF, Maximum Stress Theory predicts higher displacements in the z-direction compared to x-and y-directions. As shown in Figure 16 , it shows the displacement curves at LPF for angle-ply lamination scheme at x-, yand z-directions. Similar with the prediction earlier by the FPF angle-ply lamination scheme (Figure 15 ), displacement curves in z-direction increased sharply from angle 0 o to 10 o and then plummeted, dropping and hit a bottom at angle 90 o . Besides that, the other two directions (x-and y-directions) indicates small changes in displacements behaviour compared to zdirection. Comparing between this two failure crieterion (Maximum Stress Theory and Tsai-Wu), it shows that Maximum Stress Theory predicts the highest displaced curve at z-direction. The trend of the displacement curves between FPF and LPF are unchanged. The different between FPF and LPF is the value of stress (MPa) that failed the composite plate. Figure 17 illustrates the displacement curves at LPF for angle-ply lamination scheme in x-, yand z-directions (Maximum Stress Theory). Still, the displacement curves in z-direction rocketed and reached at peak angle 90 o and plunged, descend from angle 10 o to 90 o . However, the displaced curves a bit different from Maximum Stress Theory since TsaiWu criterion predicts steady increase in displaced curves at x-direction. Whereas displacement curves in y-direction shows small change from angle 0 o to 90 o . Figure 18 displays the displacement curves at LPF for angle-ply lamination scheme (Tsai-Wu criterion) at x-, y-and z-directions. Similar with the prediction earlier by the Maximum Stress Theory (Figure 17) , displacement curves in z-direction increased sharply from angle 0 o to 10 o and then plummeted, dropping and hit a bottom at angle 90 o . Besides that, at xdirection, the displacement curves increase gradually from angle 0 o to 90 o . Unlike in y-direction, the displacement curves show small change in displacement. Comparing this two failure criteria (Maximum Stress Theory and Tsai-Wu criterion), it shows that Maximum Stress Theory predict the highest deformation at z-direction. This can be concluded that for angle-ply lamination scheme, the displacement behaviour that effect in composite laminate with angle variations predicted by Maximum Stress Theory and Tsai-Wu criterion only effected more to the displacement curves at z-direction rather than x-and y-directions. Result in Figure 19 shows the displacement curves for symmetric lamination scheme (Maximum Stress Theory) in x-, y-and z-directions. It shows that displacement curves at y-direction rose steadily from 0 o to 10 o and then fell gradually, dropping and hit a bottom at angle 90 o . Different in displacement curves at z-direction, it can be concluded that there is no change in displacement curves at z-direction since only small change predicted by Maximum Stress Theory. However, in x-direction, the displacement reached its peak at angle 0 o and then gradually descend towards angle 10 o . Maximum Stress Theory indicates inconsistent displacement curves since the displacement curves increase gradually from angle 10 o to 30 o and then fall steadily from angle 30 o to 90 o . While Figure 20 shows the displacement curves predicted by Tsai-Wu criterion for symmetric laminate in the x-, y-and z-directions. Similar to the earlier prediction using the Maximum Stress Theory (Figure  19 ), displacement curves in the y-direction increases steadily from angle 0 o to 10 o and then declines gradually, drops and hits the bottom at angle 90 o . Likewise, as predicted by Maximum Stress Theory (Figure 19 ), it can be concluded that there is no significant change in displacement curves at zdirection since Tsai-Wu criterion predicts very minor change. For the x-direction, the displacement curves reaches its peak at angle 0 o and then gradually decreases at angle 10 o . The displacement curves are inconsistent since the displacement fell gradually from angle 10 o to 20 o , but increase steadily from angle 20 o to 50 o before it gradually drop from angle 50 o to 90 o . Comparing these two failure criteria (Maximum Stress Theory and Tsai-Wu failure criterion), it shows that both Maximum Stress Theory and Tsai-Wu criterion predicts the same highest displacement at angle 0 o in xdirection. This can be concluded that for angle-ply laminate, the displacement behaviour that affects with respect to angle variations only affects the displacement curves in x-and y-directions rather than z-direction (as predicted by both Maximum Stress Theory and Tsai-Wu criterion). Figure 21 shows the displacement curves for antisymmetric laminate (Maximum Stress Theory) in the x-, y-and z-directions. It shows that there is no change in displacement in the x-and y-directions, while displacement curves at z-direction increases significantly from 0 o and reaches the peak at angle 10 o . However, the displacement curves then plummets, drops and hits the bottom at angle 90 o . From the observation, Maximum Stress Theory predicts more deformation at z-direction than x-and ydirections for the anti-symmetric laminate. 
Tsai-Wu criterion as shown in
CONCLUSION
This paper presents the application of numerical analysis using commercial software (ANSYS) to predict the failure of composite laminates under uniaxial tension and to predict the displacement behaviour of the composite laminate before failure. The results of the study prove that the main objective of the research has been achieved successfully. The findings show that both symmetric and anti-symmetric laminates fail at the same failure load and thus both FPF and LFP curves coincide repectively. In general, it can be concluded that the current study is useful and has contributed significant knowledge to better understand the displacements and failure behaviour of composite plate.
